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SUMMARY  PAGE 


THE  PROBLEM 

To  obtain  biochemical  profile  data  for  evaluation  of  the  initial 
heJilth  status  of  submariners  participating  in  a longitudinal  health 
study  and  to  establish  criteria  for  comparisons  with  future  data. 

FINDINGS 

Essentially  normal  data  were  recorded  for  13  biochemical 
pa;rameters  Included  In  the  study.  Ihe  frequency  distributions  of 
the  data  vary  from  Gaussian  normality  to  markedly  skewed.  Such 
distributions,  however,  seem  to  follow  patterns  observed  In 
similar  normal  population  groups. 

APPLICATION 

The  present  findings  are  essential  to  a comprehensive  study 
of  the  longitudinal  health  effects  of  submarine  service,  and  they 
will  constitute  the  basis  for  future  comparisons.  The  distribution 
patterns  of  the  biochemical  data  presented  should  prove  especially 
helpful  in  providing  Interpretive  insight  into  biomedical  changes 
that  may  occur  in  this  population. 


ADMINISTRATIVE  INFORMATION 

This  investigation  was  conducted  as  part  of  Bureau  of  Medi- 
cilne  and  Surgery  Research  Work  Unit  MR041. 06. 01-0026  - 
’’Environmental  Stress.  The  present  report  is  Number  2 on  this 
work  unit.  It  was  submitted  for  review  on  10  January  1975,  ap- 
proved for  publication  on  15  May  1975  and  designated  as 
NavSubMedRschLab  Report  Number  806. 
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ABSTRACT 


As  part  of  the -Naval  Submarine  Medical  Research  Laboratory's, 
continuing  Longitudinal  Health  Study,  the  sera  of  566  submariners 
were  analyzed  for  12  biochemical  parameters,  usir^  standardized 
automated  procedures.  In  addition,  a two-hour  glucose  tolerance 
test  was  performed  on  each  participant.  Mean  values  of  all  para- 
meters measured  were  within  generally  accepted  normal  clinical 
limits.  The  values  for  cholesterol,  uric  acid,  inorganic  phos- 
phate, and  glucose  were  shown  to  be  distributed  according  to 
Gaussian  probability  curves.  A slight  skewing  was  demonstrated 
for  total  calcium,  lactic  dehydrogenase,  alkaline  phosphatase,  and 
total  protein.  Blood  urea  nitrogen,  serum  glutamic-oxalacetic 
transaminase,  albumin,  and  bilirubin  exhibited  marked  skewness. 
The  significance  of  these  distributions  is  discussed. 


Clip  and  Mail  Form  for  Change  of  Address: 

To:  Commanding  Officer,  Naval  Submarine  Medical  Research  Laboratosry, 

Attn:  Code  03B 
Subj:  Change  of  Address 

1.  I/We  wish  to  continue  to  receive  NavSubMedRschLab  Reports,  however, 
the  following  change  of  address  should  be  noted: 

New  Address; 


Old  Address 


ill 


BIOCHEMICAL  PROFILES  OF  SUBMARINERS: 
A LONGITUDINAL  HEALTH  STUDY 


INTRODUCTION 

The  Submarine  Service  is  a powerful 
deterrent  against  international  conflict. 
Nu(3iear-powered  submarines  operaUng 
from  unknown  locations  afford  our  na- 
tion an  effective  system  of  security. 

The  Submarine  Service,  its  men  and 
ships,  is  and  will  continue  to  be,. a 
vital  factor  in  maintaining  the  integrity 
of  tiiis  nation  and  the  free  v/orld. 

The  preservation  of  the  health  and 
well-being  of  the  crews  that  operate 
this  important  defense  system  is  a 
major  consideration  of  Naval  biomedical 
research.  The  closed  submarine  en- 
vironment and  its  related  physical  and 
emotional  stresses  have  been  studied 
and  described  by  various  investi- 
gators 

The  Longitudinal  Health  Study  of  the 
Na^ral  Submarine  Medical  Research  La- 
boratory is  a continuing  multiphasic 
meilical  survey  of  officers  and  enlisted 
men  serving  in  submarine  activities^^’"*^. 
The  purpose  of  this  study  is  to  define 
the  health  characteristics  of  the  mem- 
bers of  this  population,  describe  changes 
in  their  medical  status,  and  ultimately 
improve  health,  safety  and  well-being 
of  this  select  group  of  Naval  personnel. 

The  phase  of  data  acquisition  re- 
ported here  commenced  in  April  1973 
and  lasted  until  January  1974.  During 
thi£i  period,  566  submariners  were  pro- 
cessed through  the  multiphasic  health 
survey.  It  is  the  Intent  of  this  report  to 
describe  the  biochemical  profiles  of 
these  subjects  as  representative  mem- 
bers of  the  ’*Silent  Service". 


METHODS  AND  MATERIALS 

The  subjects,  all  qualified  submar- 
iners, were  recruited  from  various  ac- 
tivites  afloat  as  well  as  ashore.  They 
were  requested  to  Ingest  nothing  after 
2400  on  the  night  prior  to  reporting  for 
the  Longitudinal  Health  Study  examina- 
tion. 

Upon  reporting  for  study  at  0700,  a 
7.5-ml  vacuum  tube  without  anticoagu- 
lant was  used  to  obtain  blood  without 
stasis  from  the  antecubital  vein.  Im- 
mediately thereafter,  100  gms  of 
glucose  were  administered  orally  to 
each  subject  for  a glucose-tolerance 
test.  Two  hours  later,  another  sample 
of  blood  was  drawn  In  the  same  manner 
from  each  participant. 

The  two  tubes  of  blood  were  allowed 
to  clot  adequately,  were  centrifuged, 
and  the  sera  removed.  An  aliquot  of 
serum  from  each  tube  was  analyzed  for 
its  glucose  content  utilizing  the  Diagno- 
test  system'  (Dow  Chemical  Co.). 

A second  aliquot  of  festing  serum  was 
used  to  determine  the  standard  12  bio- 
chemical parameters  measured  by  the 
Technicon  SMA  12/60  system  according 
to  the  methodology  existing  in  1973^^. 
The  remaining  sera  were  then  frozen 
and  stored  in  a frozen  serum  bank. 

Frequency  distributions  were  con- 
structed for  the  12  standard  biochemical 
parameters,  glucose-tolerance  data, 
and  age.  These  distribution  curves  w'ere 
then  utilized  to  calculate  skewness  ac- 
cording to  the  Pearsonian  model^. 
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RESULTS 


TJlBLE  1 


The  duty  statys  aud  age  information 
of  the  subjects  are  given  in  Table  1. 

Th€f  frequency  curve  for  age  is  depicted 
in  Hgure  1.  As  indicated  in  the  table, 
approximately  90%  of  the  participants  in 
these  studies  were  on  active  duty  aboard 
nuclear  submarines.  The  average  age 
of  the  subjects  was  28. 3 years  with  a 
range  of  18-42. 


rWTY  STATUS  AHD  ARE  INFORMATION  FOR 
PARTICIPANTS  IN, THIS  STUDY 
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Fig.  I.  Frequency  distribution  of  ages  of  participants  in  the  study 


A statistical  analysis  of  the  SMA  reported  indicate  an  essentially  normal 

12/60  test  results  of  566  submaiiners  is  biochemical  profile  for  the  group, 
presented  in  Table  2.  The  mean  values 


TABI£  2 


Sr«©ARD  BIOCHEMICAL  PRCPII£S  AS  D5^^<DJED  BY  A TBCHNICON  SMA  12/60 


Calcium 

mK/dl 

Inorganic  Phosphate 
tne/dl 

Glucose 

mpi/dl 

Blood  Urea  Nitrogsi 

iiK/dl 

Uric  Acid 
tTK/dl 

Cholesterol 

mg/dl 

.'ban 

9.7h 

4.10 

103.50 

16.27 

6.41 

208.96 

S.E.M 

.019 

.021  j 

.592 

.141 

.041 

1.467 

■Ibtal 

Protein  i 

Alhurnln 

Total  1 

Bllirviblnl 

Alkaline  Phosphatase 

lactic 

Dehydroprenase 

Serum 

Clutamic*Oxalacetic 

Transaminase 

m/dl 

nit/dl  1 

iriU/ml 

mU/ml 

mU/ml 

MKin 

7.43 

4.41 

1 

.70 

69.60 

171.67 

44.26 

S.E.M. 

.017 

.on 

1 

.017 

1 

.776 

1.56 

.68 

Fr»jquency  distributions  of  these  12 
standard  biochemical  parameters  are 
shov/n  as  follows:  Figure  2 — Calcium 
(Total),  Inorganic  Phosphorus,  Glucose, 


i40p 

I 


% 


and  Blood  Urea  Nitrogen;  Figure  3 — 
Uric  acid.  Cholesterol,  Total  Protein, 
and  Albumin;  Figure  4 — Total  Bilirubin, 
Alkaline  Phosphatase,  Lactic  Dehydro- 
genase, and  Serum  Glutamic-Oxalacetic 
Transaminase. 


% 


Fig.  2.  Frequency  distributions  for  (a)  Calcium  (Total),  (b)  Inorganic  Phosphate,  (c)  Giucote, 
and  (d)  Blood  Urea  Nitrogen  data  measured  in  sera  of  submarine  personnel 
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Fig,  3.  Frequency  distribution  for  (a)  Uric  Acid,  (b)  Cholesterol,  (c)  Total  Protein, 
and  (d)  Albumin  data  measured  in  sera  of  submarine  personnel 


Fig.  4.  Frequency  distribution  for  (a)  Total  Bilirubin,  (b)  Alkaline  Phosphatase, 
(c)  Lactic  Dehydrogenase,  and  (d)  Serum  Glutamic-Oxalacetic 
Traruaminase  measured  in  sera  of  submarine  personnel 
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meter  has  been  dra'wn  on  a SMA  12/60 
printout  sheet  as  if  the  566  subjects  were 
a single  individual.  The  printout  is  il- 
lustrated in  Figure  6 with  median  and 
skewness  of  the  frequency  distribution  of 
the  SMA  12/60  data  and  the  two-hour 
glucose-tolerance  results  given  in 
Table  4. 

TABLE  3 

GLUCOSE  TOLERANCE  DATA  FROM 
A SUBT4ARINE  POPULATION 


Fasting  Glucose  (mg/dl) 

Glucose  2 hours 
after  oral  adminis- 
tration of  100  gpn 
glucose  (mg/dl) 

Mean 

88.03 

91.84 

.615 

.963 

N 

566 

553 

The  results  of  the  two  hour  glucose 
tolerance  tests  and  their  frequency 
distributions  are  shown  in  Table  3 and 
Figure  5,  respectively.  .For  the  sake  of 
easy  evaluation  of  the  biochemical  pro- 
file of  this  population  of  submarine  per- 
sonnel, the  average  value  for  each  para- 


Fig.  5,  Frequency  distribution  of  results  of  two-hour  glucose  tolerance 
tests  performed  on  submarine  personnel 
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TABLE  4 


Median  and  Skevness  of  the  Frequency  Dlstrihutions  of  the  Standard  SMA  Parameters 
and  Glucose  Data  as  Determined  on  Sutcoarlnera 


Parameters 

Median  Value  o^,|^8trihutlon* 

Skewness  of  the  Distribution 

1. 

Cholesterol 

208.33 

.02 

2. 

Uiic  Acid 

6.42 

-.03 

3. 

Inorganic  Phosphate 

4.5 

-.03 

4. 

Glucose 

103.17 

.07 

5. 

Cal cium 

9.72 

.13 

6. 

Le.ctic  Dehydrogenase 

169.01 

.22 

7. 

Alkaline  Phosphatase 

67.90 

.28 

8. 

Total  Protein 

7.38 

.38 

9. 

Blood  Urea  Nitrogen 

15.58 

.64 

10. 

Serum  Glutamic  - 
Oxalacetic  Transaminase 

40.46 

.65 

11. 

Albumin 

4.47 

-.69 

12. 

Bilirubin 

.58 

.90 

1 - Fasting  Glucose  87.36  mg/dl 

2 - Glucose  - 2 Hours 

Post  Glucose  Load  (100  gm)  88.78  mg/dl 


.14 

.46 


* See  Table  2 for  units 


It  should  be  noted  that  while  a few 
qualified  divers  are  included  in  this 
study,  all  subjects  were  serving  in 


submarine  activities  at  the  time  of  this 
examination. 


DISCUSSION 


A longitudinal  health  study,  by  de- 
finition, requires  comparison  of  several 
increments  of  data  obtained  on  the  same 
population  over  a period  of  years. 

Since  this  study  details  the  information 
obtained  during  the  first  phase  of 
screening,  it  is  not  possible  to  com- 
pare these  results  to  any  previous  data. 
By  necessity  then,  the  only  meaningful 
comparisons  that  can  be  made  at  this 
time  are  those  using  previously  pub- 
lished material  on  multiphasic  screen- 
ing studies  involving  large  groups  of 
presumably  healthy  males  ages  20-40. 
As  will  be  discussed  presently,  the 
mean  values  for  all  12  standard  bio- 
chemical parameters,  as  well  as  the 
glucose-tolerance  test  data,  fall  witWn 
generally  accepted  ranges  of  normality. 
Tlie  95%  confidence  range  of  normality, 
or  the  range  covering  two  standard  de- 
vhitions  from  the  mean,  is  shown  as  the 
gray  shaded  area  on  the  strip-chart  re- 
cording output  of  the  SMA  12/60.^’^ 


Each  parameter  measured  will  be 
discussed  in  turn  as  it  relates  to  the 
total  submarine  environment.  All  com- 
parisons made  to  the  findings  of  other 
multiphasic  studies  in  this  portion  of  the 
discussion  specifically  refer  to  healthy 
males,  20-40  years  old. 

Calcium  (total);  This  mineral  has 
been  studied  in  the  sera  of  submariners 
by  Heyder^.  No  changes  were  reported 
as  a result  of  prolonged  exposure  to 
the  submarine  environment.  The  aver- 
age calcium  values  obtained  in  the  pres- 
ent study  compares  well  with  those  of 
other  investigations  . 

Inorganic  Phosphorus;  This  mineral 
was  also  measured  by  Heyder^  in  sera 
of  submarine  crews.  She  found  no 
changes  related  to  the  submarine  sojum. 
Other  workers  have  also  reported  re- 
sults similar  to  ours  in  studies  on  yoimg 
healthy  males  . 

Glucose;  The  mean  values  for  jEasting 
blood  sugar  reported  by  Cutler  and  as- 
sociates^ and  Craig  and  Bartholomew^ 
are  essentially  identical  to  our  average 
values  of  103.5  mg/dl. 

Blood  Urea  Nitrogen;  Tolls  et  al,^^ 
and  Craig  and  Bartholomew  ^ found 
senun  concentrations  of  this  protein 
metabolite  similar  to  those  reported  in 
the  current  study. 
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Uric  Acid;  Our  mean  value  also 
agrees  with  those  measured  by  other 
inves tigato rs  for  similar  age 

groups.  This  metabolic  end  product 
was  assayedby  Campbell  and  Rahe  ^ 
during  exposure  to  the  total  submarine 
atmosphere.  No  significant  changes 
wei:e  noted. 

Cholesterol;  The  mean  cholesterol 
level  determined  here  is  approximately 
the  same  as  that  seen  in  a similar 
American  male  population  . This 
ste:coidal  compoimd  has  also  been 
studied  by  Shivertaker^®  in  sera  of 
crew  members  during  a Polaris  sub- 
marine patrol.  He  found  that  choles- 
terol levels  increased  during  the  patrol 
and  concluded  that  emotional  stress 
and  the  lack  of  exercise,  coupled  with  a 
diet  rich  in  saturated  fats,  were  major 
feclors  in  development  of  the  hyper- 
cholesterolemia. Moreover,  Campbell 
and  Rahe  ^ detected  a slight  tendency  for 
cholesterol  values  to  increase  toward 
the  end  of  a patrol.  These  authors 
suggested  that  this  change  is  due  to  the 
possibility  that  the  patrols  become 
slightly  less  enjoyable  near  their  ter- 
mination. 

Total  Protein;  Results  comparable 
to  ours  were  obtained  by  Werner  and 
co-workers  . 

21 

iUbumin;  Werner  and  co-workers 
also  obtained  values  for  this  protein 
similar  to  those  reported  in  our  study. 

33ilirubin;  This  breakdown  product 
of  senescent  erythrocytes  was  assayed 
in  a population  study  by  Tolls  and  as- 
sociates^^. Concentrations  similar  to 
those  measured  by  us  were  found  in 
sera. 


Alkaline  Phosphatase;  The  activity  of 
this  ubiquitous  enzyme  w'as  also  quanti- 
tated by  Tolls- et  al,^^  who  demonstrated 
activity  levels  similar  to  those  reported 
here. 

Lactic  Dehydrogenase;  Ihis  glycolytic 
enzyme  has  been  shown  by  Jacey  and 
Schaefer  ^ ^ to  exhibit  circadian  periodi- 
city. The  nadir  of  activity  occurs  at 
approximately  0800  with  blood  samples 
drawn  during  P.M.  , hours  yielding  higher 
readings.  Although  all  sera  for  SMA 
12/60  analysis  were  drawn  at  0700,  the 
mean  enzyme  activity  in  sera  of  sub- 
mariners was  20  mU/ml  higher  than  that 
reported  by  Tolls  et  al,^®  . The  ac- 
cepted range  of  lactic  dehydrogenase 
activity,  however,  Is  sufficiently  broad 
that  the  mean  value  reported  here  is 
well  within  normal  limits . 

Serum  Glutamic-Oxalacetic  Trans- 
aminase; The  activity  of  this  enzyme 
of  protein  metabolism  was  found  to 
average  44.26  mU/ml  in  sera  of  sub- 
mariners. According  to  our  survey  of 
previously  published  multiphasic  bio- 
medical studies,  normal  means  for 
large  populatioi^  of  young  males  were 
usually  lower.  However,  in  8015  healthy 
subjects,  O'Rell  and  Elliott  found  ap- 
parently abnormal  results  for  13,1%, 
which  suggests  the  possibility  that  nor- 
mal values  may  vary  widely.  On  the 
other  hand,  Reid  has  measured  the 
activity  of  this  enzyme  in  sera  of  a 
crew  aboard  a Polaris  submarine  durii^ 
deployment  and  detected  no  increase  in 
activity  as  a result  of  e;sposure  to  the 
total  submarine  environment. 
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Glucose-Tolerance  Test;  The  re- 
sults of  this  test  document  normal 
caitwhydrate  metabolism  for  the  group; 
the  two-hour  postioad  glucose  value 
being  almost  equal  to  the  fasting 
values.  The  apparent  discrepancy  of 
14mg/dl  between  the  SMA  12/60  anal- 
ysis and  the  ortho-toluidine  procedures 
employed  for  the  glucose-tolerance 
studies  is  due  to  methodology;  90  mg/dl 
being  the  accepted  mean  for  the  ortho- 
toluidine  technique 

To  estimate  the  degree  of  skewness 
in  the  frequency  distributions  of  the 
biochemical  parameters  studied , the 
Pearsonian  analysis  was  employed^. 

If  no  skewing  is  present,  the  resultii^ 
expression  has  a value  of  0;  its  maxi- 
mum value  approaches  ±3  as  limits.  A 
negative  value  indicates  skewing  to  the 
left  while  a positive  value  denotes 
skewing  to  the  right. 

On  the  basis  of  the  calculated  skew- 
ness values,  the  distribution  curves  of 
the  12  standard  biochemical  param- 
eters may  be  grouped  into  three  se- 
parate categories:  Gaussian — cho- 
lesterol, uric  acid,  inorganic  phos- 
phate and  glucose;  slightly  skewed — 
total  calcium,  lactic  dehydrogenase, 
alkaline  phosphatase,  and  total  protein; 
strongly  skewed — blood  urea  nitrogen, 
serum  glutamic-oxalacetic  trans- 
aminase and  bilirubin . The  two-hour 
glucose-tolerance  test  results  also 
demonstrate  a definite  skewing. 

A statistical  approach  utilized  by 
Dinio  and  fellow  workers^  to  study 
frequency  distributions  in  2, 500  SMA 
12/60  test  results  from  healthy  sub- 
jects demonstrated  that  some  distribu- 
tions do  not  fit  a Gaussian  probability 


curve.  It  is  the  contention  of  these 
authors  that  for  populations  which  are 
distributed  in  a Gaussian  manner,  the 
central  90%  are  Included  in  the  definitely 
healthy  part  of  the  group.  On  the  other 
hand,  when  Gaussian  distribution  is 
lacking  only  the  central  80%  of  the  popu- 
lation may  be  considered  to  be  normal. 
Since  the  men  included  in  the  present 
study  were  carefully  screened  before 
becoming  submariners  and  represent  a 
very  select,  healthy  population,  we  con- 
clude that  skewed  frequency  distributions 
may  indeed  occur  normally  for  many 
biochemical  parameters. 

The  atmosphere  of  a nuclear  sub- 
marine is  replete  with  a wide  variety  of 
environmental  contaminants,  organic  as 
well  as  inorganic  . They  exhibit 
wide  fluctuations  from  ship  to  ship  and 
from  time  to  time  within  the  same 
ship^^.  The  principal  atmospheric 
contaminant  continues  to  be  CO2 
(.7-.  9%).  While  a review  of  the  per- 
tinent literature  7.8.9,14  i^tjicates  that  no 
serious  pathological  consequences  have 
been  proved  for  CO2  or  other  contam- 
inants , many  of  the  contaminating 
materials  require  extensive  additional 
study  to  adeqt^ately  evaluate  their  long- 
term biological  significance. 

For  future  investigators  who  may 
study  biochemical  profiles  of  subma- 
riners, a note  of  caution  is  appropriate. 
The  results  generated  for  this  first 
group  of  subjects  have  been  obtained  by 
methodology  in  use  as  of  mid- 1973 
A new  generation  of  automated  analyzers 
with  different  analytical  procedures  and 
different  normal  ranges  is  already  on 
the  scene.  Meaningful  comparisons  in 
the  future  can  only  be  made  when  the 
differences  in  techniques  and  methods 
are  taken  into  consideration. 
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